A new simple, accurate and precise spectrophotometric method for the determination of six phenothiazine drugs in pure form and in dosage forms is described. The method is based on the oxidation of the studied drugs by a known excess of Chloramine-T in hydrochloric acid medium and subsequent determination of the unreacted oxidant by reacting it with indigocarmine in the same acid medium. The reacted oxidant corresponds to the drug content. The colored species exhibits maximum absorption at 610 nm. , respectively. The method is highly sensitive and suitable for 1 -15 µg ml -1 concentrations with the detection limits being in the range, 0.0651 -0.1724 µg ml -1 . The method was successfully applied to the studied drugs in their dosage forms. The results are reproducible within ±1% and compare favorably with those obtained by the procedures of the British Pharmacopeia.
Antipsychotic drugs have revolutionized the management of major psychiatric disorders and the outcomes of those who suffer from them. Phenothiazines which were introduced in the 1950's as antipsychotic drugs are still widely used in the treatment of moderate to severe mental illnesses including schizophrenia.
Phenothiazines also possess antiemetic, sedative, antipruritic, antidyskinetic, analgesic and antihistaminic properties. 1 The therapeutic importance of these drugs has prompted many workers to develop methods for their determination in body fluids as well as pharmaceuticals and these methods have been reviewed. [2] [3] [4] Many direct spectrophotometric methods for the determinations of phenothiazines have been suggested based on the oxidation of the drugs to the radical cations and subsequent measurement of absorbance, with the use of such oxidizing agents as molybdate, 5 iodate, 6 bromate, 7 vanadate, 8 N-bromosuccinimide, 9 cerium(IV), 10 iron(III), 11 2-iodobenzoate 12 and pbenzoquinone. 13 Some of these methods, unfortunately, suffer from several disadvantages like use of heating step, 5 low sensitivity, 10, 11 very strong acid medium, 9,13 low range of determination and critical working conditions [6] [7] [8] and poor selectivity.
Procedures based on ion-association complex formation with many acidic dyes such as Bromocresol Green, 14 Chrome Azurol S, 15 Bromophenol Blue, 16 Thymol Blue, 17 picric acid, 18 Methyl Orange, 19 Eriochrome Cyanine R, 20 Amaranth 21 and Brilliant Blue, 22 have also been reported. The chief limitations of these methods are: tedious and time consuming extraction step, use of organic solvents, strict pH control and significant blank absorption. A couple of indirect spectrophotometric methods utilizing metavanadate, 23 diphenylpicryl hydrazyl 24 (DPH) and chromium(VI)-diphenylcarbazone 25 are also used for the assay of phenothiazines. But even these procedures are unsuitable for routine analysis, since the vanadate method 23 requires heating the reaction mixture in a boiling water bath for 10 min, and the method is poorly sensitive (range 50 -1000 µg ml -1 ). The method using DPH also involves heating the methanolic solution at 60˚C for 15 -20 min before measuring the abosrbance of unreacted reagent, besides being applicable for 10 -300 µg ml -1 concentrations. The method proposed by one of the present authors, 25 though simple and sensitive, requires strict adherence to acid concentration. To overcome the limitations in the existing methods, there is still a need for a sensitive and cost-effective method for the determination of these drugs that can be adapted for the routine analysis of pharmaceutical samples. In this paper, we present the optimum conditions for the indirect spectrophotometric determination of phenothiazines with chloramine-T and indigocarmine. This new procedure is accurate, highly sensitive, rapid, simple and completely different from methods [26] [27] [28] already published where Chloramine-T (CAT) was used as reagent.
Experimental

Apparatus
All absorbance measurements were made with a Systronics Model 106 digital spectrophotometer with 1 cm quartz cells.
Reagents
Chloramine-T (CAT).
A ∼0.01 mol l -1 solution was prepared by dissolving 0.28 g in 100 ml of distilled water. This mixture was diluted to the mark and then standardized iodometrically. 29 This solution was then diluted sequentially to get 100 µg ml -1 solution.
Indigocarmine.
A ∼0.02 mol l -1 solution was prepared by dissolving 0.93 g of the sample (S. d fine, 90% purity) in water and diluting to 100 ml in a standard flask; it was standardized by vanadate titration. 30 The solution was diluted stepwise to obtain 100 µg ml -1 concentration.
Hydrochloric acid.
A 2.5 mol l -1 solution was prepared by diluting 56 ml of concentrated acid, sp. gr, 1.18, to 250 ml with distilled water.
Phenothiazines and their dosage forms.
Pharmaceutical grade samples were received as gifts from several pharmaceutical companies and their purity was checked. 31 Dosage forms containing the drugs were purchased from commercial sources. Stock standard solutions containing 500 µg ml -1 were prepared by dissolving weighed amounts of chlorpromazine hydrochloride, CPH (British Pharm); promethazine hydrochloride, PH; prochlorperazine maleate, PCPM; prochlorperazine mesylate, PCPMS (Rhone-Poulenc); trifluoperazine hydrochloride, TFPH (SmithKline Beecham) and thioridazine hydrochloride, TH (Sandoz) in distilled water. In the case of PCPM, a few drops of 0.1 M hydrochloric acid were used to dissolution aid before dilution to the mark. The solutions were kept in amber colored bottles and stored in a refrigerator. Working solutions were prepared when required by appropriate dilution of the stock solutions with distilled water.
Procedure
A 2 ml portion of 100 µg ml -1 of CAT solution was placed in a series of 10 ml standard flasks, followed by acidification by adding 1 ml of 2. The overall volume was adjusted to 7.5 ml with distilled water and the flasks were allowed to stand for 2 -10 min depending on the individual phenothiazine drug (Table 1) with occasional shaking, for the oxidation of the drug to complete as indicated by the disappearance of the orange, red, reddish-purple or blue color of the radical cation. Then, 1 ml of 100 µg ml -1 indigocarmine was added, the combination was mixed well and kept aside for 5 min. Finally, the volume was made up to the mark with water, mixed well and the absorbance of the colored solution was measured at 610 nm against distilled water. The increase in absorbance was plotted against the drug concentration and the concentration of the unknown was read from the calibration graph or calculated from the linear regression equation.
Assay procedure for dosage forms Tablets.
Twenty tablets were weighed and ground into a fine powder. An amount of powder equivalent to 50 mg of the active component was transferred into a 100 ml standard flask, about 60 ml of distilled water was added and the mixture was shaken thoroughly for about 20 min. Then it was diluted to the mark with distilled water, mixed well and filtered using a quantitative filter paper. The filltrate was diluted appropriately to obtain the working concentrations and each sample was subjected to analysis using the procedure described above (In the case of stemetil tablets, a few drops of 0.1 M hydrochloric acid were used to extract the active ingredient).
Injections.
The contents of twenty ampules were mixed. After an accurately measured volume equivalent to 50 mg of pure drug was transferred into a 100 ml standard flask and completed to the mark with water, the steps described under tablets were then followed.
Results and Discussion
CAT is known to destroy indigocarmine to a colorless product in hydrochloric acid medium, the decoloration of indigocarmine being taken as the end-point in the titration of several types of organic substances using CAT as the oxidant. This observation is used in the present study to determine phenothiazines in micro quantities. The method is based on the oxidation of the drugs to respective sulfoxides by a known excess of CAT in hydrochloric acid medium and subsequent determination of residual CAT by reacting it with a fixed amount of indigocarmine and measuring the change in absorbance of the latter at 610 nm. Phenothiazines, when added in increasing amounts to a fixed amount of CAT, consume the latter and there will be a concomitant decrease in its concentration. When a fixed amount of indigocarmine is added to decreasing concentrations of CAT, a concomitant increase in the concentration of the dye is obtained. This is observed as a proportional increase in absorbance of the colored species on increasing the concentration of phenothiazines (Fig. 1) . The first step in the assay procedure is the determination of the upper limit of indigocarmine that can be measured spectrophotometrically at 610 nm; this was found to be 10 µg ml -1 . This was completely destroyed to a colorless product by 2 ml of 100 µg ml -1 of CAT. Thus, Beer's law was obeyed up to a concentration of 20 µg ml -1 of CAT. Hence, differents amounts of drugs were reacted with 2 ml of 100 µg ml -1 of CAT and the unreacted oxidant was determined as described under procedure.
Nature of acid medium and its concentration
Hydrochloric acid was the medium of choice for oxidation of the drugs by CAT as well as the latter's determination with indigocarmine. Sulfuric acid, though quite suitable for the oxidation step, was unsuitable for the reaction between CAT and the dye. The abosrbance of indigocarmine was not affected in 0.125 -1.25 mol l -1 hydrochloric acid concentration. A 0.25 mol l -1 concentration was found optimum for the oxidation of the drugs in a reasonable time of 5 -10 min, and hence the same concentration was employed for the determination of CAT with indigocarmine.
Reaction time and stability of color
The reaction time, i.e., the time taken for complete oxidation of the drugs to their respective sulfoxides is not critical. Any delay up to 60 min in the determination of unreacted CAT had no effect on the absorbance. A contact time of 5 min after the addition of indigocarmine is necessary for its reaction with CAT before measuring the absorbance. Even this contact time is not critical.
Analytical parameters
A linear correlation was found between absorbance at λmax for each compound and concentration in the range given in Table 1 . Correlation coefficients, intercepts and slopes for the calibration data of the phenothiazine derivatives are also presented in Table  1 Table 3 Between-day precision of the determination of phenothiazine drugs by the proposed method a. Average value of four determinations carried out over 4 days.
range from 0.2170 to 0.5749 µg ml -1 and indicate the high sensitivity of the method.
Accuracy and precision, and ruggedness
The accuracy of the method was established by analyzing the pure drug in three concentration levels and the precision was examined by determining the relative standard deviation (RSD) of seven replicate analyses on the same solution containing three different concentration levels of each drug. The percentage recovery, the RSD and range of error at 95% confidence level indicate the high accuracy and precision of the method (Table 2) .
To ascertain the ruggedness of the method, four replicate determinations at different concentration levels of the drugs were carried out. The within-day RSD values were less than 1%.
The values of between-day RSD for different concentrations of drugs, obtained from determinations carried out over a period of 4 days, are given in Table 3 , and indicate that the proposed method has reasonable ruggedness.
Application to dosage forms
In order to establish the validity of the analytical method, the proprietary drugs containing phenothiazines were analyzed. The same samples were also analyzed by the BP method, 35 and percent recovery, standard deviation (SD), student's t-test value and F-test value were calculated (Table 4 ). The results reveal that similar degrees of accuracy and precision are afforded by both methods.
The interference by commonly associated excipients such as talc, starch, glucose, gumacacia, sodium alginate and magnesium stearate was investigated by preparing synthetic mixtures containing about 20 -50 mg of pure drug and 3 -5 fold excess amounts of the excipients and performing recovery studies using the proposed method. An error of ±2% in the absorbance readings was considered tolerable. The proposed method was found to be free from the commonly associated excipients, as shown by the percent recovery values.
Conclusions
This method is simple, rapid and offers the advantages of high sensitivity and a wide range of determination without the need for heating or extracting. The other advantages of the present method over the previously described methods 5-28 include low detection limit with high accuracy and precision, freedom from experimental variables which influence the sensitivity and reliability of the method, non-interference from the associated substances in the dosage forms, and reasonably good within-day and between-day precision. 
